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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are a group of environmentally persistent
organic pollutants with various structures and varied toxicity. As the urban snowpack can act as a
collector device for atmospheric-deposited PAHs, the objectives of this study were to establish the
PAH distribution and to identify their sources based on PAH profile and isomer ratios. The determined
PAHs included naphtalene, acenaphtene, fluorene, phenanthrene, anthracene, pyrene,
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a) pyrene,
dibenzo(a,h)anthracene, benzo(g,h,i)perylene, indeno(1,2,3-c,d)pyrene. Snow samples were collected
from three areas located in Cluj Napoca, Romania (Manastur area, city center and Marasti area) during
the winter period 2011-2012; meltwater samples were extracted with hexane using liquid-liquid
extraction, being then analyzed by high performance liquid chromatography, with an Agilent 1100
system with fluorescence detection, separations being accomplished on an Envirosep PP column in a
total run time less than 30 minutes. The obtained results revealed relative high levels pyrene, chrysene
and benzo(b)fluoranthene, which are associated with combustion processes in Manastur area, while in
Marasti area the major PAHs concentrations (fluorene, phenanthrene and chrysene) are related with
traffic.
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INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are a large group of organic compounds
with two or more fused aromatic rings (Djomo et al, 2004; Levinson et al, 2005). They have a
relatively low solubility in water, but are highly lipophilic (Srogi, 2007) and are typically
more concentrated in urban centers (Hyötyläinen and Oikari, 2004). PAHs investigation in
different matrices has been reported largely: water, soil, air, food, plants leaves (Azhari et al,
2011; Lohmann et al, 2009; Nadal et al, 2004; Wenzl et al, 2006), whereas reports on snow
samples were limited (Na et al, 2011; Petrova, 2009). PAHs concentrations in the
environment are often closely related to local and regional sources; the presence of PAHs in
the environment can provide some information on the scale or amount of organic
contamination (Rhea et al, 2005). Wet deposition (acidic rain, fog and snow) and dry
deposition are two mechanisms through which PAHs can contaminate the environment
(Golomb et al, 2001). The diagnostic ratios of some PAHs are useful indicators of their
sources, as isomer pairs are diluted to a similar extent upon mixing with natural particulate
matter being then distributed similarly to other phases (Dickhut et al., 2000; Liu et al, 2009).
Due to PAHs occurrence in the atmosphere, they can be accumulated also in snow
surface during winter period. This paper reports some of the obtained data resulted assessment




Surface snow samples were collected on Cluj-Napoca from three different sites:
Manastur (near a sources of wood burning), city center and Marasti area. Samples were
collected in glass jars, being transported immediately to the laboratory, where they were
stored at -5 °C until analysis.
For analysis, snow samples were melted at room temperature, being then subjected to
liquid-liquid extraction with hexane: 200 mL meltwater samples were extracted with 20 mL
hexane using a separation funnel which was attached to a mechanical shaker, being agitated
for 30 minutes. The hypophase was discarded, then the hexane epiphase was dried with
sodium sulfate and concentrated to dryness in a rotary evaporator; the resulted residue was
redisolved in 2 mL acetonitrile and subjected to chromatographic analysis.
High performance liquid chromatographic analysis was accomplished using an
Agilent 1100 system equipped with fluorescence detector; separations were achieved using an
Envirosep PP column, with acetonitrile: water (45:55v/v) as mobile phase. Detection limits
ranged from 0.05 ppb for naphthalene to 0.01 ppb for the other PAHs, while good linearities
were achieved for all PAHs, with correlation coefficients higher than 0.985.
RESULTS AND DISCUSSIONS
Fourteen PAHs were identified and quantified in this study. Among the major ones
are phenanthrene, fluorine, pyrene and benzo[a]pyrene, originating from car exhaust (Dejean
et al., 2009).
Tab. 1
Mean PAHs’ concentration ratios in the studied areas
PAHs and their ratios City Center Marasti area Manastur area
Σ PAHs* [ppb] 0.25 1.94 3.41
LMW/HMW** 0.146/0.104= 1.40 1.087/0.852= 2.27 0.412/2.996=0.14
PHE / ANT*** 0 47.51 0
ANT/ANT+PHE**** 1 0.02 1
Origin Pyrogenic Petrogenic Pyrogenic
* ΣPAHs is the sum of naphthalene, acenaphthene, fluorene, phenanthrene (PHE), anthracene (ANT),
pyrene, benzo(a)anthracene (BaA), chrysene (CRY), benzo(b,)fluoranthene, benzo(k)fluoranthene,
benzo(a)pyrene, benzo(ghi)perylene, indeno(1,2,3-cd)pyrene and dibenzo(a,h)anthracene;
** LMW/HMW ratio is a ratio of the sum of naphthalene, fluorine, acenaphthene, phenanthrene,
anthracene to the sum of pyrene, chrysene, benz[a]anthracene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene, dibenz[a,h]anthracene, indeno[1,2,3-c,d]pyrene,
benzo[ghi]perylene.
*** The ratio PHE / ANT < 10 indicates a pyrogenic origin, while in range 10–50 indicates a
petrogenic origin (Petrova, 2009);
*** The ratio ANT/(ANT+PHE) >0.1 indicates a pyrogenic origin, while if <0.1 indicates a
petrogenic origin (Li et al., 2006; Yunker et al., 2002; Zhang et al., 2004)
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The investigation of PAHs from the Cluj-Napoca snowpack showed relatively high
total PAH levels (table 1); in city center and Manastur area, the PAHs’ fingerprint and their
ratios indicated the pyrogenic prevailing source of PAH pollution. The city center was
characterised by a higher ratio LMW/ HMW, while for Manastur area this ratio was lower.
The obtained results showed that the major PAHs sources maybe the combustion of
fuel in Cluj-Napoca, but the amount of PAHs in the snow samples would not lead to
ecological risk.
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